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(54) Transmission power control method, base station apparatus and communication terminal 



(57) In a transmission power control method, a base 
station apparatus (31) and a communication terminal 
(32), transmission between the transmission side and 
the reception side can be preformed with an optimum 
transmission power, in the transmission power control 
method in which at the transmission side (6), a control 
signal for controlling the transmission power is transmit- 
ted, while at the reception side (4), the transmission 
power is controlled based on the received control signal, 
with the power value of the transmission power having 
reached the limit value of a power control range, if the 
instructions of the received control signal are to control 



the power value in the direction of allowing it to exceed 
the power control range, the number of receptions of the 
control signal is counted, and if the instructions of the 
control signal received thereafter are to control the 
power value in the direction of not allowing it to exceed 
the power control range, the count value of the number 
of receptions is decreased, and the power value is not 
controlled in the direction of not allowing it to exceed the 
power control range until the count value reaches a pre- 
determined value. 
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Description 

BACKGROUND OF THE INVENTION! 
FIELD OF THE INVENTION 

[0001 ] The present invention relates to a transmission 
power control method, a base station apparatus and a 
communication terminal and more particularly, is prefer- 
ably applied to a cellular radio communication system. 

DESCRIPTION OF THE RELATED ART 

[0002] In a cellular radio communication system, an 
area in which communication service is provided is 
divided into ceils of a desired size, a base stations is 
located in each of the cells as a fixed station, and a 
communication terminal as a mobile station radio-com- 
municates with the base station whose communication 
condition is considered to be the best. 
[0003] In such a cellular radio communication system, 
large transmission power is required for transmission or 
even small transmission power is enough for communi- 
cation, depending on the location of the mobile station 
when desired communication is performed. 
[0004] Accordingly, in the cellular radio communica- 
tion system, the base station and the communication 
terminal monitor a reception power (or quality of the 
reception power) each other, and form a feedback loop 
by notifying the monitoring result to each other, to per- 
form transmission power control for communication with 
the minimum transmission power. 
[0005] Thus, the cellular radio communication system 
enables communication to be efficiently performed with 
the minimum transmission power, so that the power 
consumption can be reduced as compared with the 
case where the communication is performed with fixed 
power. Therefore, a communication terminal can be par- 
ticularly provided with a distinctive advantage that a life- 
time of a battery can be prolonged. Such a cellular radio 
communication system is described as follows. 
[0006] In Fig. 1 , 1 generally represents a cellular radio 
communication system of the time division multiple 
access (TDMA) method, which performs the communi- 
cation by connecting a base station 2 to a communica- 
tion terminal 3 with a radio circuit. In this case, the base 
station 2 comprises a reception unit 4, a control unit 5 
and a transmission unit 6, and the communication termi- 
nal 3 also comprises a reception unit 7, a control unit 8 
and a transmission unit 9. The base station 2 and the 
communication terminal 3 use these circuit blocks to 
communicate with each other. 

[0007] The reception unit 4 of the base station 2 
receives a transmission signal from the communication 
terminal 3, demodulates the incoming transmission 
data and detects the control data, included in the trans- 
mission signal, for power control, and transmits the 
detected control data to the control unit 5. Further, the 



( receptiQn unit 4 detects a signal-to-interference wave 
power ratio C/l (the ratio of the desired wave power and 
the interference wave power) of the transmission signal 
from the communication terminal 3, and also transmits 
5 the detected signal-to-interference wave power ratio C/l 
to the control unit 5. 

[0008] The control unit 5 generates a power control 
signal for controlling the transmission power of the local 
station based on the control data from the reception unit 

10 4, and sends it out to the transmission unit 6. Moreover, 
the control unit 5 generates control data for controlling 
the transmission power of the communication terminal 3 
based on the signal-to-interference wave power ratio C/l 
from the reception unit 4, and also sends it out to the 

is transmission unit 6. 

[0009] The transmission unit 6 controls the transmis- 
sion power of the local station based on the power con- 
trol signal supplied from the control unit 5, and inserts 
the control data supplied from the control unit 5 into the 

20 transmission data in order to generate a transmission 
signal, and sends the transmission signal to the com- 
munication terminal 3. 

[0010] In the same way, the reception unit 7 of the 
communication terminal 3 receives the transmission 

25 signal from the base station 2, demodulates the incom- 
ing transmission data and detects the control data, 
included in the transmission signal, for power control, 
and transmits the detected control data to the control 
unit 8. Further, the reception unit 7 detects a signal-to- 

30 interference wave power ratio C/l of the transmission 
signal from the base station 2, and transmits the 
detected signal-to-interference wave power ratio C/l to 
the control unit 8. 

[0011] The control unit 8 generates a power control 
35 signal for controlling the transmission power of the local 
station based on the control data from the reception unit 
7, and sends it out to the transmission unit 9. Moreover, 
the control unit 8 generates control data for controlling 
the transmission power of the base station 2 based on 
40 the signal-to-interference wave power ratio C/l from the 
reception unit 7, and also sends it out to the transmis- 
sion unit 9. 

[0012] The transmission unit 9 controls the transmis- 
sion power of the local station based on the power con- 
45 trol signal received from the control unit 8, and inserts 
the control data supplied from the control unit 8 into 
transmission data in order to generate a transmission 
signal, and sends the transmission signal to the base 
station 2. 

so [001 3] In the transmission units 6 and 9 of the cellular 
radio communication system l t frequency hopping (FH) 
is performed to randomly change the frequency channel 
to be used, according to a predetermined pattern for 
every slot, so that the effects of the interference waves 

55 from other communications can be reduced. 

[0014] As described above, in the cellular radio com- 
munication system I, the base station 2 and the commu- 
nication terminal 3 detect the signal-to-interference 
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wave power ratio C/l of the transmission signal from 
each other, and notify the control data of the transmis- 
sion power according to the detection result to each 
other, thereby to control the transmission power. 
[0015] With respect to the cellular radio communica- s 
tion system 1, the flowchart of Fig. 2 is used to explain 
the transmission power control procedure in the control 
^ unit 8, which controls the transmission power of the 
communication terminal 3 based on the control data for 
the power control supplied from the base station 2. 10 
[001 6] The control unit 8 of the communication termi- 
nal 3 begins with the starting step RT1 , and moves to 
the step SP1. In the step SP1, the control unit 8 first 
accepts a-power control command from the reception 
unit 7, and moves to the step SP2. 15 
[0017] In the step SP2, the control unit 8 determines 
whether the power control command is a power-up 
command, which means increase of the transmission 
power, or not. If the positive result is obtained, the result 
means a power-up command is accepted, then the con- 20 
( trol unit 8 moves to the step SP3. 

[0018] In the step SP3, the control unit 8 determines 
whether the current transmission power is smaller than 
the maximum transmission power or not. if the positive 
result is obtained, the result means there is room to fur- 25 
ther increase the transmission power, and the control 
unit 8 moves to the step SP4. On the other hand, if the 
negative result is obtained in the step SP3, the result 
means thaMhe current transmission power has already 
reached the maximum transmission power and the 30 
transmission power cannot be increased any more, and 
the control unit 8 returns to the step SP1 again while 
maintaining this state. 

[001 9] In the step SP4, the control unit 8 sends out the 
power-up command to the transmission unit 9 to 35 
increase the transmission power by a predetermined 
level with the transmission unit 9, and returns to the step 
SP1 again. However, if the negative result is obtained in 
the step SP2, the result means a power-down com- 
(' \ mand, not a power-up command, has been accepted, 40 
and the control unit 8 moves to the step SP5. 
[0020] In the step SP5, the control unit 8 determines 
whether the current transmission power is larger than 
the minimum transmission power or not. The positive 
result is obtained, the result means there is room to fur- 45 
ther lower the transmission power, the control unit 8 
moves to the step SP6. In the step SP6, the control unit 
8 sends out the power-down command to the transmis- 
sion unit 9 to lower the transmission power by a prede- 
termined level with the transmission unit 9, and returns so 
to the step SP1 again. 

[0021] On the other hand, if the negative result is 
obtained in the step SP5, the result means that the cur- 
rent transmission power has already reached the mini- 
mum transmission power and the transmission power ss 
cannot be lowered any more, and the control unit 8 
returns to the step SP1 again while maintaining this 
state. 
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[0022] In the cellular radio communication system 1 
having such configuration, the base station 2 and the 
communication terminal 3 monitor the reception power 
(or quality of the reception power) each other, and notify 
the monitoring result to each other, to form a feedback 
loop for performing the transmission power control. 
However, a transmission error can occur during the 
transmission of the monitoring result to each other 
through the feedback loop, so that the power-up com- 
mand and the power-down command are inverted 
respectively. 

[0023] For instance, in the communication terminal 3 , 
when a power-up command is repeatedly sent from the 
base station 2 regardless of the current transmission 
power being the maximum because the base station 2 
and the communication terminal 3 are distant from each 
other, if a power-down command is sent due to a trans- 
mission error, the transmission power is lowered 
according to the power-down command even though 
the transmission power is desired to be increased 
because the transmission power is obviously insuffi- 
cient. As a result, the cellular radio communication sys- 
tem 1 has a problem that communication quality cannot 
be maintained between the base station 2 and the com- 
munication terminal 3. 

[0024] Further, in the communication terminal 3, when 
a power-down command is repeatedly sent from the 
base station 2 regardless of the current transmission 
power being the minimum because the distance 
between the base station 2 and the communication ter- 
minal 3 has become shorter, if a power-up command is 
sent due to a transmission error, the transmission power 
is increased according to the power-up command even 
though the transmission power is desired to be lowered 
because the transmission power is obviously sufficient. 
As a result, the communication with an optimum trans- 
mission power according to the distance between the 
base station 2 and the communication terminal 3 cannot 
be performed, thus the cellular radio communication 
system 1 has problems that an increase in the power 
consumption is caused and an interference wave to 
other channels occurs. 

[0025] Further, in the cellular radio communication 
system 1 of the TDMA method, the frequency hopping 
(FH) is performed to randomly change the frequency 
channel to be used according to a predetermined pat- 
tern (diagonally shaded portions) for each slot, as 
shown in Fig. 3. In this case, even though the base sta- 
tion 2 and the communication terminal 3 are distant 
from each other and the current transmission power 
should be maximized, if a certain slot SLT1 accidentally 
becomes immune against the effect of the interference 
waves from other communications so that the communi- 
cation condition becomes good, then a power-down 
command can be supplied from the base station 2. 
[0026] In such case, if the communication terminal 3 
lowers the transmission power according to the acci- 
dental power-down command, the transmission power 
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is short again in the next frequency hopping. Accord- 
ingly, since it is possible that a power-down command 
due to some error is sent, the communication terminal 3 
has a problem that communication quality cannot be 
maintained if the transmission power is easily lowered. 5 

SUMMARY OF THE INVENTION 

[0027] In view of the foregoing, an object of the 
present invention is to provide a transmission power 10 
control method, a base station apparatus and a commu- 
nication terminal, which always enable the transmission 
with an optimum transmission power. 
[0028] The nature, principle and utility of the invention 
will become more apparent from the following detailed is 
description when read in conjunction with the accompa- 
nying drawings in which like parts are designated by like 
reference numerals or characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

[0029] In the accompanying drawings: 

Fig. 1 is a block diagram showing the configuration 
of the conventional cellular radio communication 25 
system; 

Fig. 2 is a flowchart showing the conventional trans- 
mission power control procedure; 
Fig. 3 is a schematic diagram explaining the fre- 
quency hopping; 30 
Fig. 4 is a block diagram showing the configuration 
of the cellular radio communication system in an 
embodiment according to the present invention; 
Fig. 5 is a block diagram showing the configuration 
of the communication terminal in an embodiment 35 
according to the present invention; and 
Fig. 6 is a flowchart showing the transmission 
power control procedure in an embodiment accord- 
ing to the present invention. 

40 

DETAILED DESCRIPTION OF THE EMBODIMENT 

[0030] Preferred embodiments of the present inven- 
tion will be described with reference to the accompany- 
ing drawings: 45 

(1) Configuration of the Cellular Radio Communication 
System 

[0031 ] In Fig. 4 in which the portions corresponding to so 
Fig. 1 are assigned the same symbols, 30 represents a 
cellular radio communication system of the TDMA 
method as a whole, and communication is performed by 
connecting a base station apparatus 31 to a communi- 
cation terminal 32 with a wireless circuit. 55 
[0032] The reception unit 4 of the base station 31 
receives a transmission signal from the communication 
terminal 32, demodulates the incoming transmission 



, data and detects the control data, included in the trans- 
mission signal, for the power control, and transmits the 
detected control data to a control unit 33; Further, the 
reception unit 4 detects a signal-to-interference wave 
power ratio C/l of the transmission signal from the com- 
munication terminal 32, and also transmits the detected 
signal-to-interference wave power ratio C/l to the control 
unit 33. 

[0033] The control unit 33 generates a power control 
signal for controlling the transmission power of the local 
station based on the control data from the reception unit 
4, and sends it out to the transmission unit 6. Moreover, 
the control unit 33 generates control data for controlling 
the transmission power of the communication terminal 
32 based on the signal-to-interference wave power ratio 
C/l from the reception unit 4 t and also sends it out to the 
transmission unit 6. 

[0034] The transmission unit 6 controls the transmis- 
sion power of the local station based on the power con- 
trol signal received from the control unit 33, generates a 
transmission signal by inserting the control data sup- 
plied from the control unit 33 into transmission data, and 
sends it out to the communication terminal 32. 
[0035] In the same way, the reception unit 7 of the 
communication terminal 32 receives the transmission 
signal from the base station 31, and demodulates the 
incoming transmission data and detects the control data 
for the power control included in the transmission signal, 
and transmits the detected control data to a control unit 
34. Further, the reception unit 7 detects a signal-to- 
interference wave power ration C/l of the transmission 
signal from the base station 31, and transmits the 
detected signal-to-interference wave power ratio C/l to 
the control unit 34. 

[0036] The control unit 34 generates a power control 
signal for controlling the transmission power of the local 
station based on the control data from the reception unit 
7, and sends it out to the transmission unit 9. Moreover, 
the control unit 34 generates control data for controlling 
the transmission power of the base station 31 based on 
the signal-to-interference wave power ratio C/l from the 
reception unit 7, and also sends it out to the transmis- 
sion unit 9. 

[0037] The transmission unit 9 controls the transmis- 
sion power of the local station based on the power con- 
trol signal supplied from the control unit 34, generates a 
transmission signal by inserting the control data sup- 
plied from the control unit 34 into the transmission data, 
and sends it out to the base station 31. 
[0038] In the transmission units 6 and 9 of the cellular 
radio communication system 30, the frequency hopping 
(FH) is performed to randomly change the frequency 
channel to be used according to a predetermined pat- 
tern for every slot, to reduce the effect of the interfer- 
ence waves from other communications. 
[0039] Thus, in the cellular radio communication sys- 
tem 30, the base station 31 and the communication ter- 
minal 32 detect the signal-to-interference wave power 



10 



15 



4 



K <EP 0926842A2_l_> 



EP 0 926 842 A2 



ratio C/l of the transmission signal from each other, apd 
notify the control data of the transmission power accord- 
ing to the detection result to each other, to control the 
transmission power. 

[0040] In this case, the base station 31 and the com- 
munication terminal 32 are provided with the new con- 
trol units 33 and 34 which perform different control from 
the control units 5 and 8 of the cellular radio communi- 
cation systems , and counters 35 and 36 are connected 
to the control units 33 and 34 respectively. 
[0041] The reception unit 7, the control unit 34, and 
the transmission unit 9 of the communication terminal 
32 are described as follows. Since the circuit construc- 
tions of the base station 31 and the communication ter- 
minal 32 are the same, the description of the reception 
unit 4, the control unit 33, and the transmission unit 6 of 
the base station 31 is omitted. 

(2) Configuration of the Communication Terminal 

[0042] As shown in Fig. 5 in which the portions corre- 
sponding to Fig. 2 are assigned the same symbols, in 
the reception unit 7, the received signal S1 received first 
via an antenna 10 is amplified and then, it is subjected 
to a frequency conversion process to extract a base 
band signal. -The base band signal is subjected to a fil- 
tering process, and thereafter an analog-to-digital con- 
version process,- so -that- a- received -signal S2 is 
generated and sent out to a demodulating circuit 1 2. 
[0043] The demodulating circuit 1 2 applies a predeter- 
mined demodulation process to the received signal S2. 
and sends out the resultant group of received symbols 
S3 to a demultiplexer 13. Moreover, the demodulating 
circuit 12 detects the signal-to-interference wave power 
ratio C/l of the received signal S2 for every slot, and 
sends out detection data S4 representing the detected 
signal-to-interference wave power ratio C/l to the control 
unit 34. 

[0044] The demultiplexer 13 extracts a control symbol 
S5 for the power control from the supplied group of 
received symbols S3, and sends out the control symbol 
S5 to the control unit 34. Incidentally, in this example, 
one symbol is inserted into each slot of the control sym- 
bol S5 for the power control. 

[0045] Further, the demultiplexer 13 sends out a 
received symbol S6 which remains after extracting the 
control symbol S5, to a channel decoder 14. The chan- 
nel decoder 1 4 applies a predetermined symbol demod- 
ulation process to the received symbol S6 to restore a 
received data bit S7 from the received symbol S6, and 
outputs the received data bit S7 to an audio signal 
processing circuit (not shown) in the subsequent stage. 
[0046] The control unit 34 detects the control data for 
the transmission power instructed by the base station 
31, based on the control symbol S5 supplied from the 
demultiplexer 13, and generates a power control signal 
S20 according to the detected data in order to send it 
out to the transmission unit 9. Moreover, the control unit 
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,34 generates control data for the transmission power of 
the base station 31 based on the signal-to-interference 
wave power ratio C/l shown by the supplied detected 
data S4, and generates a control symbol S9 represent- 
5 ing the control data so as to output it to the transmission 
unit 9. 

[0047] In case of generating the control symbol S9 ( 
the control unit 34 compares the signal-to-interference 
wave power ratio C/l with a first threshold value, and 

10 generates control data for lowering the transmission 
power by one dB if the ratio C/l is greater than the first 
threshold value. Further, the control unit 34 compares 
the signal-to-interference wave power ratio C/l with a 
second threshold value, and generates control data for 

is increasing the transmission power by one dB if the ratio 
C/l is smaller than the second threshold value. Thus, the 
control unit 34 generates the control symbol S9 based 
on the control data. In addition, since the control unit 34 
detects the signal-to-interference wave power ratio C/l 

20 for every slot, the control unit 34 generates one control 
symbol S9 for one slot. 

[0048] On the other hand, in the transmission unit 9, a 
transmission data bit S10 to be sent, which is supplied 
from the audio signal processing unit (not shown) is first 

25 input to a channel encoder 1 5. The channel encoder 1 5 
performs a predetermined coding process to generate a 
transmission symbol S11, and sends it out to a multi- 

plexer 16: — ^ - - 

[0049] The multiplexer 1 6 receives the control symbol 

30 S9 from the control unit 34, and also receives the trans- 
mission symbol S11 from the channel encoder 15. The 
multiplexer 16 generates a transmission symbol S12 by 
inserting the control symbol S9 into a predetermined 
position of the transmission symbol S11, and sends it 

35 out to a modulating circuit 17. Incidentally, since one 
control symbol S9 is generated for one slot, one control 
symbol S9 is inserted for one slot. 
[0050] The modulating circuit 17 applies a predeter- 
mined modulation process to the transmission symbol 

40 S1 2 in order to generate a transmission signal S1 3, and 
sends it out to a variable gain amplifier 18. The variable 
gain amplifier 18 receives a power control signal S20 
from the control unit 34, amplifies the transmission sig- 
nal S13 with a gain value based on the power control 

45 signal S20 in order to generate a transmission signal 
S14 of the transmission power instructed by the base 
station 31 , and sends it out to a transmission circuit 19. 
[0051] The transmission circuit 19 applies a filtering 
process to the transmission signal S14 and then a dig- 

50 ital-to-analog conversion process, and after applying a 
high-frequency process such as frequency conversion 
to it, amplifies it to a transmission signal S15 of a prede- 
termined power, and sends it out via an antenna 20. 
[0052] The power control signal S20 supplied from the 

55 control unit 34 consists of a power-up command or a 
power-down command for controlling the power-up or 
the power-down of the transmission power. The trans- 
mission unit 9 controls the gain of the variable gain 
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amplifier 18 based on the power control signal S20, to 
increase the transmission power by one dB with one 
power-up command, or to lower the transmission power 
by one dB with one power-down command. 
[0053] Further, the control unit 34 controls the ampli- s 
fication operation of the variable gain amplifier 18 and 
monitors the gain value based on the power control sig- 
nal S20 so as to always keep track of the current trans- 
mission power. Accordingly, the control unit 34 
increases the transmission power if the current trans- 10 
mission power is smaller than the maximum transmis- 
sion power and the instruction of the control symbol S5 
provided from the demultiplexer 13 is a power-up com- 
mand. On the other hand, the control unit 34 lowers the 
transmission power if the current transmission power is is 
greater than the minimum transmission power and the 
instruction of the control symbol S5 is a power-down 
command. 

[0054] However, in case where the transmission 
power cannot be increased any more since the current 20 
transmission power has already reached the maximum 
transmission power, and the supplied control symbol S5 
is a power-up command, the control unit 34 counts the 
number of receptions of the received controlsymbol S5 
by the counter 36, and stops supplying the power con- 25 
trol signal S20 generated based on the control symbol 
S5 to the transmission unit 9. 

[0055] That is, in case where a power-up command is 
supplied even though the current transmission power 
has already reached the maximum transmission power, 30 
the control unit 34 increments the count value of the 
counter 36 according to the number of times the power- 
up command is supplied. Incidentally, since the maxi- 
mum count value of the counter 36 is set to "N" (in this 
example, N=10), the count value is not incremented 35 
over "IST even if the number of power-up commands 
exceeds "N". 

[0056] Further, in case where the current count value 
of the counter 36 is greater than "M" (in this example, 
M=5), and a power-up command is supplied, the control 40 
unit 34 does not immediately lower the transmission 
power according to the power-down command, but it 
first counts down the count value of the counter 36 by 
one . 

[0057] Practically, a power-up command is repeatedly 45 
supplied from the base station 31 when the communica- 
tion terminal 32 is lack of transmission power. However, 
the communication terminal 32 cannot increase the 
transmission power when the current transmission 
power has already reached the maximum transmission so 
power, so that the count value of the counter 36 is incre- 
mented by the number of times the power-up command 
is supplied. In this case, if a power-down command due 
to a transmission error or the like is supplied and the 
communication terminal 32 immediately lowers the ss 
transmission power according to the power-down com- 
mand, the communication quality is inconveniently 
degraded. 



„ [0058] h Therefore, even if a power-down command is 
begun to be supplied from the base station 31, by first 
decreasing the count value of the counter 36 instead of 
immediately lowering the transmission power, and by 
lowering the transmission power only after the count 
value becomes smaller than "5", the transmission power 
can be controlled while taking the safety factor into con- 
sideration. 

[0059] In order to maintain a good communication 
condition between the communication terminal 32 and 
the base station 31, it is safer not to lower the transmis- 
sion power as much as possible. Because it is not until 
such a communication environment that the communi- 
cation condition surely has no fear of degradation even 
if the transmission power is lowered (for instance, such 
a communication environment that the transmission 
power can be lowered because the distance between 
the communication terminal 32 and the base station 31 
has become short, or such a communication environ- 
ment that the transmission power can be lowered 
because interference waves to the communication ter- 
minal 32 have become less) that the transmission 
power is lowered. 

[0060] That is, since a power-down command can be 
supplied due to a transmission error or the like, the com- 
munication terminal 32 does not immediately lower the 
transmission power according to the power-down com- 
mand: It is not until the communication terminal 32 rec- 
ognizes that this is not the power-down command 
supplied due to an error or the like, but the power-down 
command indicating such the communication environ- 
ment that the transmission power can be lowered when 
the power-down command is supplied several times, 
that the transmission power is lowered. 
[0061] Accordingly, when the number of times the 
power-down command is supplied increases and the 
count value of the counter 36 reaches "M" in due 
course, the control unit 34 lowers the transmission 
power by one dB according to the power-down com- 
mand. That is, by providing a difference between the 
number of counts based on the power-up command and 
the number of counts by count-down based on the 
power-down command, the control unit 34 executes the 
control of the transmission power with a hysteresis char- 
acteristic. 

[0062] Thus, the control unit 34 does not lower the 
transmission power until the count value reaches "M" 
even if a power-down command due to an error or the 
like is supplied instead of a power-up command. There- 
fore, the control unit 34 does not immediately lower the 
transmission power even if a power-down command 
due to an error or the like is supplied when power-up 
commands are continuously supplied, whereby the 
communication condition can be prevented from being 
deteriorated. 

[0063] Accordingly, the control unit 34 controls the 
amplification operation of the variable gain amplifier 18 
based on the count value of the counter 36 in consider- 
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ation of the safety factor so that the control unit 34 dpes 
not lower the transmission power until it recognizes that 
the communication condition becomes good and a sure 
power-down command is supplied, whereby the com- 
munication quality between the base station 31 and the 
communication terminal 32 can be maintained. , 
[0064] Next, with respect to the cellular radio commu- 
nication system 30, the flowchart of Fig. 6 is used to 
explain thet transmission power control procedure in the 
control unit 34, which controls the transmission power of 
the communication terminal 32 based on the control 
symbol SS^fbr the power control supplied from the base 
station 31 £ 

[0065] The control unit 34 of the communication termi- 
nal 32 begins with the starting step RT2, and moves to 
the step SP1 1 . In the step SP1 1 , the control unit 34 first 
receives the control symbol S5 as a power control com- 
mand from the demultiplexer 13 of the reception unit 7, 
and moves to the step SP12. 

[0066] In the step SP12, the control unit 34 deter- 
* j mines whether or not the control data for the transmis- 
sion powerJnstructed by the base station 31 is a power- 
up command which means the increase of the transmis- 
sion poweihi based on the control symbol S5. If the pos- 
itive results obtained, the result means a power-up 
command has occurred, then the control unit 34 moves 
tothestep;SP13. 

[0067] In the step SP13, thecontrolunit 34-deter- 
mines whether the current transmission power is 
smaller than the maximum transmission power or not. If 30 
the positive result is obtained, the result means that the 
current transmission power is smaller than the maxi- 
mum transmission power and there is room to further 
increase the transmission power, then the control unit 
34 moves to the step SP1 4. 35 
[0068] In the step SP14, the control unit 34 sends out 
the power control signal S20 generated based on the 
control symbol S5 to the transmission unit 9, to increase 
the transmission power by one dB with the transmission 
f- A unit 9, and returns to the step SP1 1 again. 40 
[0069] On the other hand, if the negative result is 
obtained in the step SP13, the result means that the 
power-up command has been supplied even though the 
current transmission power has already reached the 
maximum transmission power and the transmission 45 
power cannot be increased any more. At this time, the 
control unit 34 increments the count value of the counter 
36 and moves to the step SP1 5. 
[0070] In the step SP15, the control unit 34 deter- 
mines whether the count value of the counter 36 has so 
reached "N" (in this example, "10") or not. If the negative 
result is obtained, the result means the count value of 
the counter 36 has not been counted up to "N M as yet. At 
this time, the control unit 34 moves to the step SP16. 
[0071] In the step SP16, the control unit 34 increments ss 
the count value of the counter 36 by the number of sup- 
plied power-up commands, and returns to the step 
SP11 again. 



, [0072] On the other hand, if the positive result is 
obtained in the step SP15, the result means the count 
value of the counter 36 has already been counted up to 
"N" (in this example, "10"). and thus the count value of 
5 the counter 36 is not further incremented even if more 
power-up commands are supplied. At this time, the con- 
trol unit 34 returns to the step SP1 1 again. 
[0073] However, if the negative result is obtained in 
the step SP12, the result means a power-down com- 
10 mand, not a power-up command, has been supplied, 
and at this time the control unit 34 moves to the step 
SP17. 

[0074] In the step SP17, the control unit 34 deter- 
mines whether the current count value of the counter 36 
is indicates a count value greater than "M" or not. If the 
positive result is obtained, the result means that the cur- 
rent value of the counter 36 indicates a count value 
greater than "M". That is, a power-up command has 
been supplied a plurality of times even though the trans- 
20 mission power has already reached the maximum trans- 
mission power and the plurality of times have been 
already counted more than the count value "M". At this 
time, the control unit 34 does not lower the transmission 
power, but it decreases the count value of the counter 
36 by one and returns to the step SP1 1 again. 
[0075] On the other hand, if the negative result is 
obtained in the step SP17, the result means the current 
count value of the counter 36 is "M M . That is, the current ~ " 
count value has reached "M" as a result of decreasing 
the count value of the counter 36 according to each 
occurrence of power-down commands, and at this time 
the control unit 34 moves to the step SP19. 
[0076] In the step SP19, the control unit 34 deter- 
mines whether the current transmission power is 
greater than the minimum transmission power or not. If 
the negative result is obtained, the result means that a 
power-down command is supplied even though the cur- 
rent transmission power has already reached the mini- 
mum transmission power and the transmission power 
cannot be lowered any more. At this time, the control 
unit 34 returns to the step SP1 1 again while maintaining 
this state. 

[0077] On the other hand, if the positive result is 
obtained in the step SP19, the result means that there is 
room to further lower the transmission power since the 
current transmission power is greater than the minimum 
transmission power. At this time, the control unit 34 
moves to the step SP20. 

[0078] In the step SP20, the control unit 34 sends out 
the power control signal S20 generated based on the 
control symbol S5 to the transmission unit 9, lowers the 
transmission power by one dB with the variable gain 
amplifier 18 of the transmission unit 9, and moves to the 
step SP21. 

[0079] In the step SP21 , the control unit 34 resets the 
count value of the counter 36 from "M" to "0" in order to 
prepare for controlling the transmission power accord- 
ing to the next new power control command, and returns 
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to the step SP1 1 again so as to complete the process. 

(3) Operation and Effects 

[0080] According to the above configuration, in case 
where a power-up command is supplied a plurality of 
times, with the transmission power having already 
reached the maximum transmission power, the commu- 
nication terminal 32 counts up the number of times the 
power-up command is supplied by the counter 36 while 
it cannot increase the transmission power any more. 
However, if a power-down command is supplied once 
thereafter, it plausibly seems a power-down command 
due to an error or the like. 

[0081] Accordingly, the communication quality is 
degraded if the communication terminal 32 immediately 
lowers the transmission power according to such wrong 
power-down command, and therefore the communica- 
tion terminal 32 first counts down the count value of the 
counter 36 by one rather than actually lowering the 
transmission power. However, if a power-down com- 
mand is supplied a plurality of times, the communication 
terminal 32 counts down the count value of the counter 
36 by the plurality of times. Then, if the count value of 
the counter reaches "M", the communication terminal 
32 determines that the power-down command is not a 
power-down command due to an error or the like 
because the power-down command has been continue 
ously supplied a plurality of times. At this time, the trans- 
mission power can be lowered according to the power- 
down command. 

[0082] Thus, in the communication terminal 32, by 
controlling the transmission power so that the transmis- 
sion power is not lowered until the control unit 34 recog- 
nizes a real power-down command based on the count 
value of the counter 36, control of the transmission 
power based on a wrong power-down command due to 
a transmission error or the like is eliminated, so that the 
transmission signal S15 can always be sent out to the 
base station 31 with the optimum transmission power. 
[0083] According to the above configuration, in the 
communication terminal 32, since the control unit 34 
controls the transmission power not to be lowered until 
a power-down command is supplied a predetermined 
number of times after a power-up command has sup- 
plied a plurality of times, the transmission power can be 
lowered only when a real power-down command is 
surely recognized, and thus the transmission can 
always be performed with the optimum transmission 
power. 

(4) Other Embodiments 

[0084] In the above embodiment, a case is described 
in which the count value "N" of the counter 36 as count- 
ing means is set to "10" at maximum, and the count 
value "M" as a reference for lowering the transmission 
power is set to "5" by the control unit 34 as control 



, means. , However, the present invention is not limited 
thereto, but the count value can be set to a count value 
with arbitrary hysteresis characteristic according to the 
communication environment, such as setting the count 

5 value "N" to "5", and setting the count value "M" to "0". 
[0085] Further, in the above embodiment, a case is 
described in which a hysteresis characteristic is pro- 
vided by setting the count value "N" of the counter 36 to 
"10" at maximum, and setting the count value "M" as a 

10 reference for lowering the transmission power to "5" by 
the control unit 34. However, the present invention is not 
limited thereto, but no hysteresis characteristic can be 
given by setting the count value "N" of the counter 36 to 
"10" at maximum, and setting the count value "M" as a 

is reference for lowering the transmission power to "1 0": In 
this case, since the transmission power is not easily 
lowered, the communication quality is degraded more 
difficultly. 

[0086] Furthermore, in the above embodiment, the 
20 description has been made to the transmission power 
control method for a power-down command in the case 
where a power-up command is supplied a plurality of 
times when the transmission power has already 
reached the maximum transmission power. However, 
25 the present invention is not limited thereto, but the 
present invention can be applied to the transmission 
control method for a power-up command in the case 
where a power<Jown command is supplieda plurality of 
times when the transmission power has already 
30 reached the minimum transmission power. In this case, 
the communication terminal 32 can obtain the same 
effect by changing only the control method of the control 
unit 34. 

[0087] As described above, according to the present 

35 invention, in a transmission power control method in 
which a control signal for controlling the transmission 
power is transmitted at the transmission side, and the 
transmission power is controlled based on the received 
control signal at the reception side; with the power value 

40 of the transmission power having reached the limit value 
of a power control range, if the instructions of the 
received control signal are to control the power value in 
the direction of allowing it to exceed the power control 
range, the number of receptions of the control signal is 

45 counted, and if the instructions of the control signal 
received thereafter are to control the power value in the 
direction of not allowing it to exceed the power control 
range, the count value of the number of receptions is 
decreased, and it is not until the count value reaches a 

so predetermined value that the power value is controlled 
in the direction of not allowing it to exceed the power 
control range; whereby the transmission power is not 
immediately lowered even if an error or the like causes 
the reception of the control signal controlling the power 

55 value in a wrong direction, and it is not until the normal 
control signal is received a predetermined number of 
times that the transmission power can be controlled; so 
that malfunction can be prevented when the transmis- 
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sion power is controlled. Thus, a transmission power 
control method can be realized for enabling the sending 
to be always performed with the optimum transmission 
power. 

[0088] Further, according to the present invention, in s 
a base station apparatus which controls the transmis- 
«t sion power of a transmission signal based on the control 
signal sent frorrta communication terminal as a mobile 
station, by providing receiving means for receiving the 
control signal; counting means for counting the number 10 
of receptions okthe control signal; control means for 
counting the number of receptions of the control signal 
by the counting means if the instructions of the received 
control signal are to control the power value of the trans- 
mission power in the direction of allowing it to exceed a is 
power control range, with the power value having 
reached the limit value of the power control range, 
decreasing the count value of the number of receptions 
if the instructions of the control signal received thereaf- 
ter are to control the power value in the direction of not 20 

/ allowing it to exceed the power control range, and not 
controlling the power value in the direction of not allow- 
ing it to exceed the power control range until the count 
value reaches a^redetermined value; and transmitting 
means for performing the transmission to the mobile 25 
station with the. transmission power controlled by the 
control means, the transmission power is not immedi- 
ately lowered even if an error or the like causes the 
reception of the^ control signal controlling the power 
, value in a wrong direction, and the transmission power 30 
can not be controlled until the normal control signal is 
received a predetermined number of times, so that mal- 
function can be prevented in the controlling of the trans- 
mission power to maintain the communication quality 
between the mobile station and the base station appa- 35 
ratus. Thus, a base station apparatus can be realized 
for enabling the sending to be always performed with 
the optimum transmission power. 
[0089] Furthermore, in the present invention, in a 

/ ] communication terminal which controls the transmis- 40 
v sion power of a transmission signal based on the control 
signal sent from a base station apparatus as a fixed sta- 
tion, by providing receiving means for receiving the con- 
trol signal; counting means for counting the number of 
receptions of the control signal; control means for 4s 
counting the number of receptions of the control signal 
by the counting means if the instructions of the received 
control signal are to control the power value of the trans- 
mission power in the direction of allowing it to exceed a 
power control range, with the power value having so 
reached the limit value of the power control range, 
decreasing the count value of the number of receptions 
if the instructions of the control signal received thereaf- 
ter are to control the power value in the direction of not 
allowing it to exceed the power control range, and not ss 
controlling the power value in the direction of not allow- 
ing it exceed the power control range until the count 
value reaches a predetermined value; and transmitting 
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means for performing the transmission to the base sta- 
tion apparatus with the transmission power controlled 
by the control means, the transmission power is not 
immediately lowered even if an error or the like causes 
the reception of the control signal controlling the power 
value in a wrong direction, and the transmission power 
can not be controlled until the normal control signal is 
received a predetermined number of times, so that mal- 
function can be prevented in the controlling of the trans- 
mission power to maintain the communication quality 
between the base station apparatus and the communi- 
cation terminal. Thus, a communication terminal can be 
realized for enabling the sending to be always per- 
formed with the optimum transmission power. 
[0090] While there has been described in connection 
with the preferred embodiments of the invention, it will 
be obvious to those skilled in the art that various 
changes and modifications may be aimed, therefore, to 
cover in the appended claims all such changes and 
modifications as fall within the true spirit and scope of 
the invention. 

Claims 

1. A transmission power control method for transmit- 
ting a control signal (33) for controlling a transmis- 
sion power at the transmission side (6), and 
controlling said transmission power based on said 
control signal received at the reception side (4), 
said transmission power control method comprising 
the steps of: 

with a power value of said transmission power 
having reached a limit value of a power control 
range, if an instruction of said received control 
signal is to control said power value in the 
direction of allowing it to exceed said control 
value, counting the number of receptions of 
said control signal; and 

if the instruction of said control signal received 
thereafter is to control said power value in the 
direction of not allowing it to exceed said power 
control range, decreasing the count value of 
said number of receptions, and not controlling 
said power value in the direction of not allowing 
it to exceed said power control range until said 
count value reaches a predetermined value. 

2. The transmission power control method according 
to claim 1 , wherein 

said limit value of said power control range is 
the upper limit value of said transmission 
power. 

3. The transmission power control method according 
to claim 1 , wherein 
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said limit value of said power control range is 
the lower limit value of said transmission 
power. 

4. The transmission power control method according s 
to anyone of the preceding claims, wherein 

by setting said predetermined value to a count 
value other than zero, when the number of 
receptions of said control signal controlling said 10 
power value in the direction of not allowing it to 
exceed said power control range reaches a 
predetermined number of receptions, which is 
smaller than the number of receptions of said 
control signal controlling said power value in is 
the direction of allowing it to exceed said power 
control range, said power value of said trans- 
mission power is controlled. 

5. A base station apparatus for controlling a transmis- 20 
sion power of a transmission signal based on a con- 
trol signal transmitted from a communication 
terminal as a mobile station, said base station 
apparatus comprising: 

25 

receiving means (4) for receiving said control 
signal; 

counting means (35) for counting the number 
of receptions of said control signal; 
control means (33) for counting the number of 30 
receptions of said control signal by said count- 
ing means if an instruction of said received 
control signal is to control the power value of 
said transmission power in the direction of 
allowing it to exceed a power control range, 35 
with the power value having reached a limit 
value of said power control range, decreasing 
the count value of said number of receptions if 
the instruction of said control signal received 
thereafter is to control said power value in the 40 
direction of not allowing it to exceed said power 
control range, and not controlling said power 
value in the direction of not allowing it to 
exceed said power control range until said 
count value reaches a predetermined value; 45 
and 

transmitting means (6) for transmitting said 
transmission signal to said mobile station with 
the transmission power controlled by said con- 
trol means. so 

6. The base station apparatus according to claim 5, 
wherein 

said limit value of said power control range is ss 
the upper limit value of said transmission 
power. 



7. The base station apparatus according to claim 5, 
wherein 

said limit value of said power control range is 
the lower limit value of said transmission 
power. 

8. The base station apparatus according to anyone of 
claims 5 to 7, 

wherein 

by setting said predetermined value to a count 
value other than zero, when the number of 
receptions of said control signal controlling said 
power value in the direction of not allowing it to 
exceed said power control range reaches a 
predetermined number of receptions, which is 
smaller than the number of receptions of said 
control signal controlling said power value in 
the direction of allowing it to exceed said power 
control range, said power value of said trans- 
mission power is controlled. 

9. A communication terminal for controlling a trans- 
mission power of a transmission signal based on a 
control signal transmitted from a base station appa- 
ratus (31) as a fixed station, said communication 
terminal (32) comprising: - - • 

receiving means (7) for receiving said control 
signal; 

counting means (36) for counting the number 
of receptions of said control signal; 
control means (34) for counting the number of 
receptions of said control signal by said count- 
ing means if an instruction of said received 
control signal is to control the power value of 
said transmission power in the direction of 
allowing it to exceed a power control range, 
with the power value having reached a limit 
value of said power control range, decreasing 
the count value of said number of receptions if 
the instruction of said control signal received 
thereafter is to control said power value in the 
direction of not allowing it to exceed said power 
control range, and not controlling said power 
value in the direction of not allowing it to 
exceed said power control range until said 
count value reaches a predetermined value; 
and 

transmitting means (9) for transmitting said 
transmission signal to said base station appa- 
ratus with the transmission power controlled by 
said control means. 

10. The communication terminal according to claim 9, 
wherein 
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said limit value of said power control range, is 
the upper limit value of said transmission 
power. 

11. The communication terminal according to claim 9, s 
wherein 



said limit value of said power control range is 
the lower limit value of said transmission 
power. -i w 

12. The communication terminal according to anyone 
of claims 9 to 1 1 , wherein 

by setting said predetermined value to a count is 
value other than zero, when the number of 
receptions of said control signal controlling said 
power value in the direction of not allowing it to 
exceed said power control range reaches a 
predetermined number of receptions, which is 20 
\( y~ smaller than the number of receptions of said 

control signal controlling said power value in 
the direction of allowing it to exceed said power 
control range, said power value of said trans- 
mission power is controlled. 25 
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